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Tuesday, February 28, 2012 577aTo better understand the folding transitions in TTR we undertook single mol-
ecule force spectroscopy measurements of wild type (WT) TTR and two mu-
tants (Y78F and L55P). All three TTR variants exhibit different
susceptibilities to form amyloid aggregates in the pH range of 3.6 - 7.4 at which
measurements were carried out. The resulting force-extension curves were
characterized by closely spaced transitions presumably arising from the succes-
sive unfolding of secondary structure elements along a single polypeptide
chain. Each of these transitions corresponds therefore to an unfolding interme-
diate. We observed that the frequencies with which these intermediates oc-
curred depended on the experimental conditions. In addition, mutations in
the TTR sequence greatly affect the stability of these intermediates as demon-
strated by differences intermediate unfolding-force in a manner that may ex-
plain their ability to form amyloid aggregates at different pHs.
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Titin is a filamentous protein that spans the half sarcomere and functions as
a molecular spring, a sarcomeric template, and possibly as a mechanosensor.
The force versus extension curve of titin, recorded in constant-velocity exper-
iments, is characterized by entropic-chain behavior onto which discrete
contour-length steps caused by domain unfolding are superimposed. The details
of the complex mechanical behavior of titin remain hidden, however.
To investigate the detail in titin’s force-driven folding and unfolding behavior,
here we stretched single molecules of skeletal-muscle titin with force-feedback
optical tweezers. Titin was extended and relaxed in subsequent stages of con-
stant high (>30 pN) and low (<5 pN) forces, respectively. At high forces titin
extended in ~28-nm steps distributed exponentially as a function of time. The
28-nm steps are assigned to all-or-none unfolding events of titin’s globular do-
mains. Significant domain unfolding occurred at physiologically relevant time-
(<1 s) and force-scales (<40 pN), suggesting that in vivo titin extensibility may
involve repeated domain unfolding and refolding. At low forces, titin refolded
in a highly force-dependent manner. Surprisingly, at forces below 1 pN, no sig-
nificant refolding occurred on a time scale of 10 minutes. By contrast, refolding
was strongly facilitated if the force was clamped at moderately increased levels
(2-5 pN). Conceivably, mechanical force acts as a chaperone by limiting access
to futile parts of the highly complex folding landscape of the full-length titin
molecule.
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Optical traps are used to measure force (F) over a wide range (0.1 to 100 pN).
Variation in bead radius (r) hinders comparing forces applied using different
individual beads since, for small beads, trap stiffness (ktrap) varies as r
3. Addi-
tionally, one does not typically calibrate ktrap for each individual bead. Rather,
a prior stiffness calibration is deduced for each batch of a given bead size. This
leads to systematic errors in ktrap and resulting force errors of ~15%. Prior
work has shown ktrap is maximized near 800 nm when trapping with 1064-
nm light. At this maximum, variation in r should lead to minimal variation
in ktrap. In this work, we show that by choosing an optimum sized bead (r =
390 nm in our trap) we reduced the standard deviation (s) in ktrap by
2.8fold as compared to a smaller bead (250-nm) with a comparable variation
in r. This improvement was validated by pulling on a DNA hairpin using
a force clamp. The probability of a hairpin being open is highly sensitive to
applied force - a less than 1% change in F leads to a measurable shift in the
open and closed populations near F1/2 - the force at which the probability of
a hairpin being open is 50%. Using this metric, the smaller beads had a s
in F1/2 of 1.2 pN while the optimum sized beads had a s of 0.6 pN, a two-
fold improvement. This improvement in precision was corroborated by the sta-
tistically indistinguishable measurement of F1/2 between both sets of data:
13.75 0.4 pN and 13.65 0.2 pN (mean5 SEM; N = 11). Thus, ktrap is maxi-
mized and errors in F are minimized by a simple choice of an optimum bead
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We demonstrate an optical trap instrument and experimental methodology for
reporting the nanoscale dynamics of binding individual cell-surface receptors
and the cyto-mechanical responses initiated by bi-directional outside-in and
inside-out signals. The probe, a 1-mm diameter chemically labeled glass sphere
held in the trap, is positioned above the lamella of an adherent motile cell (cf.
figs. A-B), and tracked in 3D at a framing rate of ~100/s. In addition to a lateral
precision of 2nm in 2D tracking, we have developed a practical approach to
incorporate a comparable 4-6 nm precision in vertical tracking of the trapped
sphere. We apply a novel Brownian analysis of vertical probe fluctuations in
soft contact with the cell lamella to determine the apparent rigid boundary
of the cell surface and elastic compliance of the glycocalyx. The adherent
motile leukocytic (Jurkat) cells were
spread on coverglass coated with the
a4b1-integrin ligand VCAM-1 in iso-
tonic Ca2þ and/or Mg2þ buffers.
Spheres were conjugated with fibro-
nectin fragments to demonstrate the
nanoscale dynamics of integrin liga-
tion and release (cf. figs. C-D), the
measurement of bond-surface separa-
tion and extensional compliance,
plus intriguing transient subsurface
movements triggered by bond
formation.2934-Pos Board B704
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Receptor-ligand interactions that mediate cellular adhesion are often subjected to
forces that regulate their detachment via modulating off-rates. Although the dy-
namics of detachment is primarily controlled by the physical chemistry of adhe-
sion molecules, cellular features such as cell deformability and microvillus
viscoelasticity havebeen shown to affect the rollingvelocity of leukocytes in vitro
through experiments and simulation. In thiswork, we demonstrate via variousmi-
cromechanical models of two cells adhered by a single (intramolecular) bond that
cellular viscoelasticity resulting from the interplay of cellular deformation and
hydrodynamic drag modulates transmission of an applied external load to an in-
tramolecular bond, and thus the dynamics of detachment. Specifically, it is dem-
onstrated that the intermolecular bond force is not equivalent to the instantaneous
applied force and that the instantaneous bond force decreases with increasing cel-
lular viscoelasticity. As cellular compliance increases, not only does the time lag
between the applied load and the bond force increase, an initial response time is
observed during which cell deformation is observed without transfer of force to
the bond. It is further demonstrated that following tether formation the instanta-
neous intramolecular bond force increases linearly at a rate dependent on micro-
villus viscosity. Monte Carlo simulations with fixed kinetic parameters predict
that both cell and microvillus compliance increase the average rupture time, al-
though the average rupture force based on bond length remains nearly unchanged.
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Ruthenium complexes are small synthetic molecules with a wide range of uses
including cancer therapy, and as a research tool to understand chemical carci-
nogenesis. Specifically, ruthenium dimers like [m-C4(cpdppz)2(phen)4Ru2]
4þ
have been engineered to have a high affinity for DNA and a very low dissoci-
ation rate. The complex consists of two Ru(phen)2 moieties connected by a flex-
ible linker, and its strong DNA binding inhibits replication of DNA in target
cancer cells. To quantify the rate at which DNA binding occurs for this dimer,
double-stranded DNA is stretched with optical tweezers, and exposed to the li-
gand under a fixed applied force. When binding to DNA, the two Ru(phen)2
moieties intercalate between base pairs via a threadingmechanism. Intercalation
